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Colorectal cancer is the most common gastro-intestinal malignancy and the second leading cause of mortality in Western countries. Overall, 33-50% of these new cases are localized in the rectum. Neoadjuvant chemoradiation followed by total mesorectal excision (TME) is the standard treatment for locally advanced rectal cancer (LARC) (clinical TNM stage II-III) (1) . Despite optimized local treatment with recurrence rates less than 10%, neoadjuvant chemoradiation has not consistently improved overall survival (OS) and distant metastases still occur in 25-30% (2) (3) (4) (5) (6) . Furthermore, there is only a 3-4% survival benefit with fluoropyrimidinebased adjuvant chemotherapy (7) and more than 50% of patients treated with chemoradiation do not complete adjuvant chemotherapy after TME. Efforts to improve these results have focused on more effective radiosensitizing therapies. The addition of oxaliplatin or targeted therapies has proven unsuccessful with increased toxicities (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . In recent years, studies investigated neoadjuvant chemotherapy followed by chemoradiation and surgical resection. This approach that seems to be feasible resulted in higher chemotherapy completion rates compared with adjuvant chemotherapy (18) (19) (20) . In order to improve these results, addition of targeting agents into neoadjuvant regimen offers a rational approach. In particular, bevacizumab has demonstrated synergistic activity with both chemotherapy and radiotherapy (RT) and, thus, may represent a suitable component in the neoadjuvant treatment (21) .
The aims of this study were to assess feasibility and safety of neoadjuvant chemotherapy with capecitabine, oxaliplatin and bevacizumab followed by concomitant standard chemoradiation with capecitabine and TME in patients with magnetic resonance imaging (MRI)-defined high-risk cT3/4 LARC. Secondary end-points were downstaging, histopathological response and postoperative morbidity.
Patients and Methods
Medical ethics committees of all participating centers approved the trial and all patients provided written informed consent (EudraCTNo: 2010-024354-11). This study was conducted by the Austrian breast and colorectal cancer study group (ABCSG).
Eligibility criteria. Patients with histopathologically confirmed MRI-defined cT3NxM0 (involvement of the mesorectal fascia ≤5 mm) and cT4NxM0 (with curative intention) adenocarcinoma of the rectum were eligible. Other key eligibility criteria included: 18-80 years, no previous chemotherapy, RT of the pelvis or abdomen and surgical resection for rectal cancer, adequate metabolic, hematological, renal and hepatic functions, international normalized ratio (INR) and activated partial thromboplastin time (aPTT) ≤1.5 upper limit of normal (ULN), WHO performance status grade 0-2, negative pregnancy test and willingness to use highly effective methods of contraception during treatment and for 3 months after the end of treatment. We excluded patients with (a) cT1-2, cT3 (involvement of the mesorectal fascia >5 mm) rectal cancer, (b) prior malignancies (except non-melanoma skin carcinoma or in situ cervix cancer), (c) contraindication for application of capecitabine, oxaliplatin or bevacizumab, (d) clinically significant cardiovascular disease (including myocardial infarction or stroke <6 months before registration, unstable angina, symptomatic congestive heart failure New York Heart Association (NYHA) II-IV, serious uncontrolled cardiac arrhythmia, uncontrolled hypertension (systolic >150 mmHg, diastolic >100 mmHg)), (e) pre-existing peripheral neuropathy ≥grade 1 (National Cancer Institute-Common Terminology Criteria for Adverse Events NCI-CTCAE v4.0), (f) history of significant neurological or psychiatric disorders, (g) active infection before registration, (h) major surgery procedure within 28 days prior to registration, (i) severe non-healing wounds, ulcers or bone fractions, (j) evidence of bleeding diathesis or coagulopathy, (k) therapeutic anticoagulation (including aspirin >325 mg/d within 10 days before registration); (l) history of thromboembolic events or hemorrhagic disease within 6 months before registration, (m) gastrointestinal perforation, gastrointestinal fistula, intra-abdominal abscess within 6 months before registration, (n) proteinuria (dipstick test >2+ requires further assessment with 24h-hour urinary protein excretion) and (o) pregnant or breastfeeding women.
Study design. This was a prospective single-arm, multicenter phase II clinical trial to evaluate feasibility and safety of neoadjuvant chemotherapy with capecitabine, oxaliplatin and bevacizumab followed by concomitant standard chemoradiation with capecitabine and TME in patients with MRI-defined high-risk LARC. Secondary end-points included downstaging, pathologic response and evaluation of postoperative morbidity according to Accordion severity grading system (22) . Clinical examination, computer tomography (CT) of the entire thorax and abdomen, pelvic MRI, urine test and standard laboratory work-up were undertaken within 28 days of study entry. Oxaliplatin was administered at 130 mg/sqm as a 2-to 6-hour intravenous infusion on days 1, 22 and 43 (±2 days). Toxicities were assessed and recorded at every visit and graded (grade 1-4) according to NCI CTCAE version 4.0 (23) . The capecitabine and oxaliplatin dose modification schemes were applied if patients experienced grade 2-4 toxicities. Dose modification was not required for toxicities that were considered unlikely to become serious or life-threatening (e.g., alopecia). Bevacizumab was administered by a 90-minute intravenous infusion at 7.5 mg/kg body weight on day 1, 22 and 43 (±2 days). If the first infusion was tolerated, the second infusion was given in 60 minutes and all subsequent infusions over 30 minutes if 60-minute infusion was tolerated. Dose reduction for toxicity was not recommended but dosing with bevacizumab was hold or discontinued for defined AEs.
Concomitant chemoradiation. Concomitant chemoradiation followed one week after completion of neoadjuvant chemotherapy. Radiotherapy was performed using a linear accelerator for >4 MeV photons. A computer plan was based on the CT scan in the same position. A three-field technique with lateral wedge filters was employed. Individualized blockings were used to protect lateral field corners, dorsal soft tissues (skin, rima ani) and, if necessary, cranial ventral parts of the small intestine. The upper field border was positioned at level L5-S1, depending on the location of the primary tumor. The ventral border depended on the location of the tumor and its degree of infiltration into the surrounding structures. Radiation therapy was delivered 5 days a week for 5 weeks with a fractionation of 1. Surgical resection. Surgical resection followed 2-4 weeks after completion of chemoradiation. The goal of surgical resection was complete removal of the primary tumor according to the principles of TME either by low anterior resection (LAR), inter-sphincter resection (ISR) or abdomino-perineal excision (APE).
Statistical analysis.
For the primary end-points, feasibility and safety were evaluated descriptively. Variables of interest were number of patients with toxicities grade 3-4 and number of therapy breaks and therapy discontinuations. The statistical analysis was based on the "intention to treat" (ITT) principle, all patients with at least one cycle bevacizumab therapy were included. Missing values in terms of downstaging were interpreted as non-responders (worst case); other missing values were replaced by the last observation carried forward principle.
Results
Patients' characteristics. A total of 25 patients were accrued into the study in 7 Austrian Institutions from October 2011 through August 2013. Of the patients, 9 (36%) were women and 16 (64%) men. The median age was 62 years (range=24-78). Four patients (16%) had cT4 tumors and 20 patients (80%) cT3 tumors; one patient had cTis tumor. This patient did not take any doses of chemotherapy or any other study therapy and was excluded from ITT analysis due to important protocol deviation on inclusion criteria. All other patients (n=24) had a histologically proven adenocarcinoma of the rectum. Suspected positive lymph nodes (LN) by imaging were detected in 18 patients (72%); in 10 patients (40%) N1 and in 8 patients (32%) N2, 5 patients (6%) were LN-negative, 2 patients (8%) were not evaluable for N-stage. Patients' baseline characteristics are summarized in Table I . All patients had ECOG performance status 0 (100%).
Adherence to treatment. All ITT patients completed the first cycle of neoadjuvant chemotherapy; 87.5% and 79.2% completed the second and third cycles, respectively. Most patients underwent concomitant chemoradiation, with 94.7% completing all cycles. Among the 20 patients (83.3%) who proceeded to surgery, 19 (95%) received the planned neoadjuvant treatment. The remaining patient who underwent surgery without completing the neoadjuvant treatment had only one cycle of neoadjuvant chemotherapy and no concomitant chemoradiation. Figure I shows adherence to the assigned treatment.
Neoadjuvant chemotherapy. Capecitabine was taken orally twice daily during the first 9 weeks (days 1-14, 22-35, 43-56). Oxaliplatin and bevacizumab were administered intravenous for 3 cycles (days 1, 22, 43) . One patient (4%) never started capecitabine, oxaliplatin and bevacizumab therapy due to important protocol deviation, 19 patients finished neoadjuvant chemotherapy as per protocol and 5 patients had an early end of therapy (EOT) due to AEs. Two of them discontinued therapy after 1st cycle and three of them after 2nd cycle of treatment. Capecitabine dose was modified during neoadjuvant chemotherapy in 5 patients (in one patient due to gastrointestinal toxicity a dosage reduction of 25% was done; in 4 patients dose modification was done due to calculation or intake error -in 2 of these patients dosage was increased and not reduced due to intake error). Three patients had an interruption of capecitabine due to AEs (median=3.5 days), but capecitabine could be restarted. Oxaliplatin dose reduction of 25% was done in one patient due to gastrointestinal toxicity.
Concomitant chemoradiation.
Radiotherapy with an amount of 45 Gy in 25 fractions was planned (1.8 Gy daily from Monday to Friday, days 1-33). Capecitabine was administered concurrently at 825 mg/sqm b.i.d. on days of radiation during the first 4 weeks (days 1-5, 8-12, 15-19, 22-26) . Nineteen patients finished neoadjuvant chemotherapy as per protocol and all of them started concomitant chemoradiation. Two patients had capecitabine dose modification during concomitant chemoradiation. In one patient, dose modification was due to hand-food-syndrome and in the other one due to calculation error. Fifteen out of 19 patients (78.9%) received the total dose of radiation. One patient had an EOT during RT (in week 5) due to toxicity and 3 patients missed 1-5 days of RT due to holiday. Surgical resection. Surgical resection followed chemoradiation by a median of 29 days (range=20-109) and was performed in 21 patients or 20 ITT patients who started treatment. In 4 patients, surgical resection was not documented due to EOT during first 3 cycles of neoadjuvant chemotherapy. Surgical resection was performed according to the principles of TME either by APE (33.3%), LAR (57.1%) or ISR (9.5%).
Efficacy results. Margin-negative (R0) resection was possible in 19 out of 20 patients (95%). T-downstaging was observed in 54.2% (13/24) of the ITT population. Postoperative histology revealed T-downstaging in 11 out of 18 patients with cT3 tumors who underwent surgical resection. Four patients showed downstaging to ypT2, one patient to ypT1 and six patients to ypT0. Seven out of 18 patients with cT3 remained ypT3. Both patients with cT4 tumor who underwent surgical resection showed T-downstaging to ypT3. Complete pathological remission (pCR) ypT0ypN0 was observed in 6 out of 20 operated patients or in 25% (6/24) from the ITT population (Table II) . Nodal status (N-stage) tumor downstaging was observed in 10 from 20 operated patients or 41.6% from ITT population. In four patients Ndownstaging was not observed. Four patients were nodal status-negative at baseline; therefore, downstaging was not possible. In two patients nodal status could not be evaluated at baseline and, therefore, N-downstaging was not defined.
Safety results. Grade 3/4 AEs observed in this study are summarized in Table III . Fourteen out of 24 patients experienced at least one grade 3/4 AE (58.3%). During neoadjuvant chemotherapy, the most frequent grade 3 AEs were diarrhea (16.6%) and mucositis (12.5%). Only one grade 4 AE occurred (acute renal failure; 4.2%). During standard chemoradiation, grade 3 AEs were skin reaction (5.3%) and coronar sclerosis (5.3%). There was no grade 4 AE during chemoradiation. Nine patients (45%) experienced at least one postoperative complication grade 3. There were two major perioperative complications requiring reintervention (ileus, ileal perforation). Both complications occurred in patients after LAR. Other grade 3 AEs after surgery were hyponatremia (5%), vomiting (5%) and nausea (5%). There were no deaths reported during the conduct of the study. Four patients did not finished neoadjuvant chemotherapy due grade 3/4 AEs; one patient due to grade 3 mucositis after first cycle of neoadjuvant chemotherapy; one patient due to grade 4 renal failure and grade 3 mucositis and diarrhea after first cycle of neoadjuvant chemotherapy; one patient due to allergic reaction after first cycle (this patient underwent surgery); one patient due to diarrhea and ANTICANCER RESEARCH 37: xxx-xxx (2017) 4 Figure 
Adherence to treatment assignment. Reasons for early end of therapy (EOT) during induction chemotherapy: one patient due to grade 3 mucositis, one patient due to grade 3 mucositis, diarrhea and grade 4 renal failure, one patient due to allergic reaction, one patient due to diarrhea and febrile neutropenia, one patient due to thrombocytopenia, hypertension and depressed mode; Reason for EOT during chemotherapy (CRT): one patient due to grade 3 skin reaction. APE, abdomino-perineal excision; LAR, low anterior resection; ISR, inter-sphincter resection; ipd, important protocol deviation.
febrile neutropenia after second cycle. One patient had EOT after two cycles of neoadjuvant chemotherapy due to grade 2 AEs (thrombocytopenia, hypertension, depressed mode) and grade 1 AEs (epistaxis, fatigue). One patient had EOT after 4 weeks of chemotherapy due to grade 3 skin reaction.
Discussion
In this study, the administration of 3 cycles of neoadjuvant chemotherapy with bevacizumab, oxaliplatin and capecitabine followed by concomitant standard chemoradiation resulted in pCR rate of 25%, T-downstaging in 54.2% and R0 resection in 95% of the of the ITT population. Most AEs occurred during neoadjuvant chemotherapy, however, nearly 80% of patients have completed all cycles of neoadjuvant chemotherapy. Major postoperative complications were reported from 2 patients requiring re-intervention.
Neoadjuvant chemoradiation followed by TME and adjuvant chemotherapy is the standard treatment for LARC (1) . This approach offers a number of benefits, such as tumor downsizing, a higher rate of sphincter preservation (2) and reduced local recurrence but without consistent impact on disease-free survival (DFS) and OS (2) (3) (4) 24) . Studies of fluoropyrimidine-based chemoradiation achieved pCR rates of 8-19% (10, (25) (26) (27) . Despite improved local therapy, the development of local recurrence in 10% and the occurrence of distant metastases in 25-30% are still serious problems in LARC. Furthermore, the administration of adjuvant chemotherapy, which is a standard treatment with established benefit in colon cancer, is more difficult in LARC. Less than 50% of LARC patients complete all cycles of adjuvant chemotherapy due to toxicities and patient refusal (28, 29) and this may compromise DFS and OS. Efforts to improve these results have focused on intensification of neoadjuvant chemoradiation regimens or neoadjuvant chemotherapy following chemoradiation. The addition of oxaliplatin to standard fluoropyrimidine-based chemoradiation significantly increased toxicities without improving pCR rates, DFS and OS (8-13, 30, 31) . Only the CAO/ARO/AIO-04 trial demonstrated a significant improvement in pCR rates and 3-year DFS with addition of oxaliplatin to standard chemoradiation (32, 33) . Targeted therapies have rapidly gained attraction in the treatment of advanced colorectal cancer. Bevacizumab demonstrated efficacy with significant improvement in PFS and OS in patients with metastatic colorectal cancer (34) (35) (36) . Adding bevacizumab to standard chemoradiation provides encouraging pCR rates of 16-32%, but the results are limited to variable toxicities and a relative small numbers of patients (14) (15) (16) . Recently, our study group showed in the ABCSG R04-Study several major side-effects (25% of patients with grade ≥3 hemorrhagic events and diarrhea) by the addition of bevacizumab to standard chemoradiation (14) . Therefore, the study was stopped after interim analyses on 8 patients. A few trials investigated the [40] [41] [42] [43] [44] . Thus, research is focused on neoadjuvant chemotherapy followed by chemoradiation. Potential advantage of this approach includes the early treatment of distant micrometastases, initial downstaging of the primary tumor, administration of chemotherapy at full systemic doses and improved compliance. It is possible that this new approach leads to prolonged DFS and OS, but phase III trials are currently lacking. Several phase II studies evaluated the role of neoadjuvant chemotherapy with Xeloda ® (Capecitabine) and Oxaliplatin (CAPOX) or Oxaliplatin + 5-Fluorouracil (FOLFOX) followed by chemoradiation and surgical resection (19, (45) (46) (47) (48) (49) (50) . This approach achieved pCR rates of 14-29%. Although induction chemotherapy with CAPOX did not appear to improve downstaging, tumor regression and pCR rates, this approach achieved a better toxicity profile and improved compliance, as well as a good local control and promising rates of DFS and OS (46, 48) compared to intensification of neoadjuvant chemoradiation with oxaliplatin.
Encouraging pCR rates of 16-32% with the addition of bevacizumab to fluoropyrimidine-based chemoradiation with or without oxaliplatin (14-16, 37-39) and a better toxicity profile and improved compliance with neoadjuvant chemotherapy followed by chemoradiation led us to investigate the addition of bevacizumab to neoadjuvant chemotherapy followed by standard chemoradiation and TME in this ABCSG R05-Study. Due to increased postoperative complications with bevacizumab-based chemoradiation in several trials (15, 16), we did not administer bevacizumab during chemoradiation. Due to the intensification of the neoadjuvant therapy, we only included patients with high risk of recurrence.
To our knowledge, there has not been any other trial investigating bevacizumab plus capecitabine and oxaliplatin followed by standard chemoradiation in LARC before. Study design and treatment schedule in our trial are slightly different from other trials. Nogué et al. (51) evaluated in the AVACROSS trial the efficacy and toxicity of four cycles of bevacizumab plus capecitabine and oxaliplatin induction therapy followed by concomitant bevacizumab plus capecitabine-based chemoradiation and TME in a phase II study in 47 patients with MRI-defined poor-prognosis LARC. They observed a pCR rate of 36% with R0-resection rate of 98%. Most grade 3/4 AEs occurred during induction phase and included diarrhea (11%), asthenia (4%), neutropenia (6%) and thrombocytopenia (4%). Eleven patients (24%) required surgical re-intervention. Dipetrillo et al. (52) evaluated bevacizumab with modified FOLFOX followed by concurrent bevacizumab plus FOLFOX and RT. Twenty percent of patients had a pCR, but the increased toxicity profile with grade 3/4 toxicities in 76% of patients and postoperative complications in 36% led to early termination of the study. Xiao et al. (53) investigated the safety and efficacy of one cycle induction therapy with bevacizumab and FOLFOX followed by concurrent chemoradiation with bevacizumab and 5-fluorouracil (5-FU) and one cycle of consolidation chemotherapy with FOLFOX after chemoradiation. Complete pathologic remission was achieved in 39.1% of patients; 3-year DFS and 3-year OS were 72.5% and 95%. During neoadjuvant therapy, grade 4 hematological toxicities and grade 3 non-hematological toxicities occurred in 12% and 48%. Postoperative complications were seen in 21.7% of patients.
Compared with the results of the AVACROSS trial, our trial demonstrated a comparable grade 3/4 toxicity profile with the exception of mucositis during neoadjuvant chemotherapy. In our trial, no deaths were reported, whereas, in the AVACROSS trial, 2 deaths occurred during neoadjuvant chemotherapy. Postoperative complication rates (45% versus 58%) and surgical re-interventions (10% versus 24%) were lower in our study. In our trial, there was only one postoperative abscess grade 2 and no wound infection or anastomotic leak. This is probable due to the fact that, in our trial, no bevacizumab was given during chemoradiation. However, pCR with 25% was lower than expected, in our trial, compared with the other trials using a quite similar regimen. An important strength of this study is that we only included patients with MRI-defined cT3NxM0 or cT4NxM0 adenocarcinoma of the rectum. Therefore, downstaging is more difficult in this homogenous patient group with high risk of recurrence than in other trials that included also patients with cT1-4N1-2 tumors (52, 53) . A limitation of our study is the short interval between neoadjuvant treatment and surgery (median=29 days) compared with the AVACROSS trial using an interval of 6-8 weeks between neoadjuvant treatment and TME. This may explain the lower pCR rate in our study.
The results of this study suggest that neoadjuvant chemotherapy with bevacizumab, capecitabine and oxaliplatin followed by concomitant standard chemoradiation is feasible in patients with high-risk LARC and resulted in pCR rate of 25% and neoadjuvant chemotherapy completion rate of 80%. Further studies are required to define the impact of bevacizumab in the neoadjuvant setting of LARC on DFS and OS.
Conclusion
This study suggests that neoadjuvant chemotherapy with bevacizumab, capecitabine and oxaliplatin followed by ANTICANCER RESEARCH 37: xxx-xxx (2017) concomitant standard chemoradiation is feasible in patients with high-risk LARC and resulted in pCR rate of 25% and neoadjuvant chemotherapy completion rate of 80%.
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